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Abstract 
The objective of the study is to develop non destructive methods using electromagnetic waves apparatus to control 
subterranean termites Coptotermes curvignathus Holmgren and Coptotermes formosanus Shiraki and to evaluate the 
safety of the apparatus to human. The frequency of electromagnetic waves used in this research were 30 Hz~300 Hz, 
0.3 KHz~3 KHz, and 3 KHz~300 KHz with variation of irradiation time exposure (15, 30, 45 and 60 minute) for C. 
curvignathus Holmgren. Meanwhile, for C. formosanus Shiraki the frequency of electromagnetic waves used were 
300 KHz  and 500 KHz with irradiation time exposure 30 and 60 minutes. The result of the research showed that the 
average value of termites mortality ranged between 25.45~82.27% and the average value of termites filter paper 
consumption ranged between 8.89~ 39.44% for C. curvignathus Holmgren. On the other hand, for C. formosanus
Shiraki, the average value of termites mortality was 100% and the average value of filter paper consumption ranged 
between 14.51~20.41%. The frequencies of electromagnetic waves and irradiation time have a linier effect on the 
value of termites mortality and termites consumption. The magnitude field from apparatus ranged between 
0.069~0.1815 , which means the apparatus is safe to be utilized around the human body. The optimum result was 
achieved on electromagnetic waves apparatus with frequency of 300 KHz and irradiation time around 60 minutes 
both for C. curvignathus Holmgren and C. formosanus Shiraki. 
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1. Introduction 
Subterranean termites are an important group of urban insect pests in tropical countries [1, 2]. These 
termites often cause serious damage to wooden buildings and the damage costs reach to 100-300 billion 
rupiahs every year [3].  Although insecticidal treatments have been used worldwide to prevent and control 
subterranean termites since the late-1980s, the new management concepts have recently gained popularity 
with the increased public concern about environmental soundness [4]. Therefore, the search for less or 
non-chemical alternatives is urgently needed. Also, it becomes an attractive research subject for termite 
experts. The on-site termite treatment with physical methods is one of the most promising alternatives. 
One of the technologies which are potential to be developed is bio-control technology using 
electromagnetic waves. In the present day, the use of electromagnetic waves has also been considered in 
the efforts to eliminate termites. Electromagnetic waves or electromagnetic radiation is a combination of 
electric field and magnetic fields that oscillate and propagate through space and carry energy from one 
place to another [5]. Some researchers have used electromagnetic waves as rats and cockroaches 
controlling instruments [6,7,8,9]. Eskelin et al [10] has analyzed tree stems using K-band microwave to 
detect the decay and termites attack on tree stems. In the United States of America, the use of 
electromagnetic waves as termites control has developed [11, 12]. This technology is very beneficial as 
they are odorless, noiseless, environmentally friendly, and easy to apply. Nevertheless, until now no detail 
research has been conducted on the issue of subterranean termites against electromagnetic waves in 
Indonesia.  The main objective of this study is to obtain fundamental scientific data for the development 
of a non-destructive termite control management methods using electromagnetic waves that could be 
applied to control subterranean termites infestation in building. 
2. Materials and Methods 
2.1. Design of electromagnetic waves apparatus 
The apparatus is designed on a small scale with electronic compound to generate electromagnetic 
waves in varied frequencies. This design is based on some references from other researchers [13, 14, 15]. 
The apparatus consists of three frequencies i.e. 30 Hz~300 Hz, 300 Hz~3 KHz and 3 KHz~300 KHz. The 
electric power output (P) was measured by power meter, and power density was calculated as follows: 
)/(
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Fig.1. Electromagnetic waves apparatus 
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2.2. Bioassay to determine the effects of electromagnetic waves apparatus 
Termites C. curvignathus were exposed to electromagnetic waves in Laboratory Control Systems in 
Electrical Engineering Department, Faculty of Engineering, Tanjungpura University, Pontianak, West 
Kalimantan, Indonesia. The room temperature was maintained at 27oC during exposure time. Mature 
worker and soldier of termites C. curvignathus were put in a transparent box (100 mm in length, 50 mm 
in width and 50 mm in height). The number of termites involved was 50 workers and 5 soldiers. This 
number was selected to obtain a nearly equal weight/volume of termites for electromagnetic waves 
irradiation. Surface temperatures inside the box, before and after exposure were measured to determine 
the thermal difference after irradiation with electromagnetic waves. Electromagnetic waves were 
irradiated from the upside of the box. The distance between horn antenna and termites was about 10 mm. 
The tested termites were exposed to electromagnetic waves for 15, 30, 45 and 60 minutes respectively. 
After irradiation of electromagnetic waves, termites were removed to petridish to evaluate the termites 
mortality and termites consumption. Petridish with diameter 70 mm contained filter paper (Whatman No 
2) which saturated with 0.4 ml distilled water. Termites were kept for 3 weeks in a termite culturing 
room. Termite mortality after three weeks exposure was calculated as follows: 
                      N2                          where: N1  = Number of initial termites   
Termites Mortality (%) = -------   x   100%                  N2 = Number of live termites after three weeks 
                                            N1                                                                        exposure  
    
 
Weight loss of filter paper after three weeks exposure was calculated as follows: 
                                  W1  - W2 
Weight loss  (%) = -------------  x   100%       where: W1 = Initial weight of filter paper (gram) 
                 W1                                        W2 = Weight of filter paper after three weeks (gram) 
 
Termites C. formosanus were exposed to electromagnetic waves in Laboratory Innovative Humano-
Habitability, Research Institute for Sustainable Humanosphere (RISH), Kyoto University, Japan. The 
room temperature was maintained at 27oC during exposure time. Mature worker and soldier of termites C. 
formosanus were put in a transparent cylinder with 10 cm in height and 10 cm in diameter. The number of 
termites used was 50 workers and 5 soldiers. The antenna was put in horizontal position at the bottom of 
cylinder. The exposure time of electromagnetic waves to termites C. formosanus was 30 minutes and 60 
minutes and the frequencies used were 300 KHz and 500 KHz. After irradiation of electromagnetic 
waves, termites were removed to petridish with diameter of 70 mm containing filter paper (Whatman No 
2) which saturated with 0.4 ml distilled water and kept in termite culturing room for 3 weeks. After three 
weeks exposure termites mortality and termites consumption were calculated. 
2.3. Evaluating the safety of electromagnetic waves apparatus 
The result of the research on bioassay of termites to electromagnetic waves in Tanjungpura 
University, Indonesia and RISH Kyoto University, Japan showed that the electromagnetic waves have an 
effect to termites physiology, especially at the highest frequency. We decided to continue evaluating the 
safety of electromagnetic apparatus at frequency 300 KHz. The evaluation was conducted using 
electromagnetic fields tester, of Hioki 3470-10 brand. The safety was measured in three dimensions with 
axis x, y and z which represent the three dimensions of waves from electromagnetic waves apparatus. Ten 
replications were done for each position at range 1~ 10 cm. 
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3. Results and Discussion 
3.1. Electrical characteristic of electromagnetic waves apparatus 
Three electromagnetic waves apparatus have been designed in three frequency ranges i.e. 30 Hz~300 
Hz, 300 Hz~3 KHz and 3 KHz~300 KHz. The electromagnetic waves apparatus was analyzed with 
measurement and theoretical computation to know the power, wavelength and power density of each 
apparatus. The measurement considered three main parameters i.e. frequency, current, and amplitude. 
From these parameters, the power, wavelength, and power density could be computed theoretically. 
Figure 2 shows the used electric power of electromagnetic waves apparatus for frequency range of 30Hz 
~ 300Hz which is proportional to the amplitude. It means that once the highest amplitude (±15 Vpp) was 
set, it used the highest power in this frequency range i.e. ± 42.5 mW. Different values could be seen at the 
power density value. The power density value depended upon the wavelength and the power. The 
wavelength value was related to the used frequency [16]. The more frequency value was set, the shorter 
wavelength was obtained. Therefore, power density at 300Hz was higher than that at 30 Hz.  From Figure 
2, power density in frequency 300 Hz with Power 43.05 mW and Amplitude 15 Vpp is 34.44 x 10-9 
mW/cm2 while at frequency 30 Hz , its value was 0.342 x 10-9 mW/cm2. 
 
Fig.2. The value of amplitude, power and power density regarding the frequency 30 Hz ~ 300 Hz 
The use of electric power of electromagnetic waves apparatus for frequency range 300 Hz ~ 3 KHz 
was also proportional with the amplitude. Once the highest amplitude (± 15 Vpp) was set then the used 
power reached the highest power at this frequency range i.e. ± 48 mW. The power density value at 
frequency 3 KHz was higher than in that at frequency 300 Hz. This result was related with the value of 
power density of electromagnetic waves [17]. Power density electromagnetic waves apparatus at 
frequency 3 KHz with power 45 mW and amplitude 15 Vpp is 36 x 10-13 mW/cm2 while at frequency 300 
Hz, its value was 0.378 x 10-13 mW/cm2.  
For the frequency range between 3 KHz and 300 KHz, the apparatus was limited by the availability of 
capacitance component (main component to produce particular frequency) in the Indonesian market; 
hence, the range that can be produced is between about 80 KHz to 500 KHz. However, because of the 
limitation of oscilloscope specification, the current measurement is difficult to read, once the apparatus 
was applied for frequency above 231 KHz since the current was very low. Therefore, the described data 
in Figure 4 for electrical apparatus characteristic were at the frequency range of 81 KHz until 231 KHz. 
For the lowest frequency in this range, the power and power density are highest once the amplitude is also 
highest. Those values will decrease if the amplitude decreases as well. In the frequency above 200 KHz, 
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the amplitude became lower than that in the lower frequency. It made the value of power and power 
density drastically decreased. These cases happened since the current decreases in the higher frequency 
[18].  The slightly decrease of power could also be seen once the frequency of electromagnetic waves 
apparatus was higher than 90 KHz, while the similar case appeared on power density once the frequency 
was higher than 100 KHz.  
 
 
 Fig.3. The value of amplitude, power and power density regarding the frequency 300 Hz ~ 3 KHz 
 
Fig.4. The value of amplitude, power and power density regarding the frequency 80 KHz ~ 231 KHz 
3.2. Termites mortality and termites consumption after irradiation with electromagnetic waves 
The average value of termites C. curvignathus mortality ranged between 25.45~82.27% and the 
average value of termites filter paper consumption ranged between 8.89~39.44%. Meanwhile, on control 
treatment, the average value of termites mortality was 14.05% and the average value of termites filter 
paper consumption was 79.88%. The results with the control treatment were significantly different from 
that of the no-control treatment. Hence, it was concluded that electromagnetic waves have an effect on the 
termites. The average of termites mortality on control treatment was less than 15% which indicated that 
the environment and room for culture termites during the experiment was suitable and comfortable for 
termites.  
The highest average value of termites mortality was at frequency 300 kHz with 60 minutes irradiation 
time (82.27%), and the lowest average value of termites mortality was at frequency 300 Hz with 15 
155 Farah Diba et al. /  Procedia Environmental Sciences  17 ( 2013 )  150 – 159 
minutes irradiation time (25.45%). In vice versa, the highest average of termites filter paper consumption 
was at frequency 300 Hz with 15 minutes irradiation time (39.44%) and the lowest average of termites 
filter paper consumption was achieved on termites after irradiation at frequency 300 kHz with 60 minutes 
irradiation time (8.89%). The frequencies of electromagnetic waves have a linier effect on the value of 
termites mortality. The highest frequencies of electromagnetic waves led to the highest average value of 
termites mortality. On the other hand, the higher frequency of electromagnetic waves, the lower average 
value of filter paper consumption. The results of the research are shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Average value of termites Coptotermes curvignathus mortality and consumption  after irradiation with electromagnetic waves 
at  frequency 300 Hz ~ 300 KHz and time exposure 15 ~ 60 minutes 
 
The time exposure of electromagnetic waves to termites had a linier effect on the value of termites 
mortality. The longest time exposure of electromagnetic waves led to the highest average value of 
termites mortality. The average value of termites mortality after irradiation with electromagnetic waves 
for 15 minutes was 38.48%, with 30 minutes was 42.27%, with 45 minutes was 46.52%, and with 60 
minutes was 53.64%. In vice versa, on the average value of termites filter paper consumption, the longest 
time exposure of electromagnetic waves led to the lowest average of termites filter paper consumption. 
The average value of termites filter paper consumption after irradiation with electromagnetic waves 
apparatus for 15 minutes was 28.33%, with 30 minutes was 26.30%, with 45 minutes was 22.59%  and 
with 60 minutes was 19.63%. 
During the exposure of electromagnetic waves, termites tended to move from the antenna, lose 
stability, lie down, and in 45 to 60 minutes exposure, some workers of termites were found dead. This 
indicated that electromagnetic fields were affecting the physiology of termites and repellent to termites. 
Kevin et al [19] reported that termites movement was positively directed by radio waves, and 
electromagnetic waves could be used as control apparatus for termites. The filter paper consumption had 
a linier tendency that the highest frequency of electromagnetic waves resulted in the lowest filter paper 
consumption. This indicated that after electromagnetic waves irradiation, termites were weak and could 
not feed the filter paper as usual. Exposure time of electromagnetic waves also had a linier tendency that 
the longest irradiation time resulted in the lowest filter paper consumption.  
The average value of termites Coptotermes formosanus mortality was 100% and the average value of 
filter paper consumption ranged between 14.51~20.41%. On the other hand, on control treatment, the 
average value of termites mortality was 11.52% and the average value of termites filter paper 
consumption was 25.51%. This result showed that control was significantly different from the treatment 
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and electromagnetic waves had an effect on termites. The average of termites mortality on control 
treatment was less than 12% which indicated that the environment and wood for culture termites during 
the experiment was suitable and comfortable for termites. Termites mortality was 100% both at frequency 
300 KHz and frequency 500 KHz and both in 30 minutes and 60 minutes irradiation time. This result was 
significantly different from the result of termites C. curvignathus. It was because the position of the 
antenna was horizontal at the bottom of acrylic cylinder. The position of antenna whether it was 
horizontal or vertical yielded different effect. Kraus [20] reported that electromagnetic waves resulted in 
magnetic field which formed closed circular loops around the wire (Figure 6a) and the electric field 
configuration from coil resulted in magnetic field to control termites (Figure 6b). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. 6a: Magnetic field from wire, A: Magnetic field around wire carrying a current  B: Cross-section perpendicular to the wire. 
The current is flowing out of the page. 6b:  Electric field configuration from wire in the antenna [20] 
 
The frequencies of electromagnetic waves had a linier effect on the value of termites mortality. On the 
other hand, the highest frequencies of electromagnetic waves resulted in the lowest average value of filter 
paper consumption. The average value of termites filter paper consumption at frequency 300 KHz was 
19.98% and at frequency 500 kHz was 16.10%. The longest time exposure of electromagnetic waves 
resulted in the lowest average of termites filter paper consumption. The average value of termites filter 
paper consumption after irradiation with electromagnetic waves for 30 minutes was 19.05% and with 60 
minutes was 17.03%. The result is shown in Figure 7. 
 
 
 
 
 
 
 
 
Fig.7. Average value of termites Coptotermes formosanus mortality and consumption  after irradiation with electromagnetic waves 
at  frequency 300 KHz and 500 KHz and time exposure 30 and 60 minutes 
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Similar result was achieved in Nakai et al [21] research, which applied microwave energy with two 
frequencies i.e. 2.45 GHz and 5.8 GHz to control subterranean termites Coptotermes formosanus Shiraki 
and drywood termites Incisitermes minor. He reported that the mortality of termites was higher at the 
higher microwave energy and longest irradiation time. The highest termites mortality value, both on C. 
formosanus and Incisitermes minor termites was more likely to be achieved when termites were exposed 
to microwave energy at frequency 5.8 GHz than at 2.45 GHz. Moreover, the average value of termites 
mortality was higher within irradiation time 60 minutes than 30 minutes, and 15 minutes respectively. 
For the irradiation test, thermal difference based on temperature of acrylic box as container for 
termites was measured before and after irradiation. This measurement was evaluated to know whether the 
electromagnetic waves apparatus had effect on termites based only on magnetic field or both on magnetic 
field and the increasing of temperature. The result showed that no significant difference on temperature 
before and after irradiation. The temperature varied from 27 C to 27.3 C until 27.5 C. The obtained 
results suggested that electromagnetic waves used in this study could not raise the temperature high 
enough to kill termites and the effect during irradiation was only from magnetic field. The 
electromagnetic waves had different mechanism with microwave and did not increase the temperature 
during the exposure. Fujii and Yanasse [22] reported that surface temperature of termites body increased 
during the exposure of microwave inside the wood. The similar result was achieved on Kaestner and 
Baath [23] research. They reported that the temperature inside the wood increased during microwave 
exposure. Table 1 shows the different temperature in the acrylic box before and after irradiation. 
 
Table 1.  Variation of surface temperature ( C) of termites Coptotermes curvignathus on acrylic box (mean + SE) between before 
and after electromagnetic waves irradiation at frequency 300 Hz ~ 300 KHz for 0 ~ 60 minutes 
 
Frequency Temperature 
( C) 
Exposure time (min) 
0 15 30 45 60 
300 Hz Before 27.0 + 1.2 27.0 + 1.3 27.0 + 1.2 27.0 + 1.3 27.0 + 1.2 
 After 27.2 + 1.1 27.3 + 1.6 27.3 + 1.3 27.5 + 1.2 27.5 + 1.3 
3 KHz Before 27.0 + 1.1 27.0 + 1.1 27.0 + 1.0 27.0 + 1.1 27.0 + 1.2 
 After 27.1 + 1.3 27.2 + 1.2 27.2 + 1.3 27.3 + 1.2 27.3 + 1.6 
300 KHz Before 27.0 + 1.3 27.0 + 1.1 27.0 + 1.2 27.0 + 1.3 27.0 + 1.2 
 After 27.3 + 0.8 27.3 + 1.1 27.4 + 1.3 27.5 + 1.1 27.5 + 0.9 
 
Nakai et al. [21] reported that the body temperatures of C. formosanus increased logarithmically with 
exposure time (0~60 minutes) and they varied within 5.5 C without the death of termites. His research 
used microwave irradiation at two frequencies, 2.45 GHz and 5.8 GHz and reported that this could be 
attributed to the fact that termites do not efficiently absorb microwaves. However, mode of action of 
electromagnetic waves irradiation was quite different from microwave irradiation. Electromagnetic waves 
are a combination of electric field and magnetic fields to generate electromagnetic fields that oscillate and 
propagate through space and carry energy from one place to another [24]. Electromagnetic waves do not 
need a medium for its propagation, not because the medium does not exist, but because the scientists have 
not found a form of electromagnetic waves intermediary medium until now. The behavior of 
electromagnetic radiation depends on the wavelength. If the frequency is higher, then the wavelength is 
shorter. The lower frequencies of electromagnetic fields are related to a greater wavelength [24].  
3.3. Safety of  electromagnetic waves apparatus 
The electromagnetic waves apparatus that we designed has been evaluated for their effects on human 
beings. At frequency 300 kHz and amplitude 15 Vpp (peak-to-peak), the average values of magnetic field 
near the apparatus in x-axis and y- -
These magnetic field values were then compared to the standard of representative power frequency 
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magnetic fields from common household appliances [25]. For instance, hair dryers have a magnetic field 
 
magnetic fields related to human beings. We prove the designed electromagnetic waves apparatus in this 
research is also safe to use and does not have an influence on human beings since the magnetic fields are 
under those that were measured on the household electronic appliances. The result was shown in Figure 8. 
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Fig. 8. Magnetic field (μT) from electromagnetic waves apparatus at frequency 300 KHz 
 
The electromagnetic fields have relation with bio-electromagnetic. This field is a relatively new area 
of science that deals with the interaction of electromagnetic energy with biological systems [25]. Kraus 
[20] reported that electromagnetic waves result in magnetic field which forms closed circular loops 
around the wire. The electrical field configuration that produces magnetic field to control termites is 
shown in Figure 6. In relation to the safety analysis of the apparatus, the magnitude field has a linier 
relationship with the frequency of electromagnetic waves. The highest frequency will produce the lowest 
magnetic field. From the measurement, the magnetic value produced by the developed apparatus is found 
to be safe for human and application in buildings. 
4. Conclusion 
Electromagnetic waves apparatus can be used as non destructive method for termites control. The use 
of electromagnetic waves as termites control is very beneficial because they are odorless, noiseless, 
environmentally friendly, and easy to apply. The average value of termites C. curvignathus mortality 
ranged between 25.45~82.27% and the average value of termites consumption ranged between 
8.89~39.44%. Meanwhile, on C. formosanus the average value of termites mortality was 100% and the 
average value of termites consumption ranged between 14.51~20.41%. The frequencies of 
electromagnetic waves and irradiation time had a linier effect on the value of termites mortality. The 
highest frequencies of electromagnetic waves and the longest irradiation time resulted in the highest 
average value of termites mortality. Vice versa, the highest frequencies of electromagnetic waves and the 
longest irradiation time resulted in the lowest average value of termites consumption. The magnitude field 
from apparatus ranged between 0.069~0.1815 
human body. The optimum result was achieved on electromagnetic waves at frequency 300 KHz and 
irradiation time 60 minute both for C. curvignathus Holmgren and C. formosanus Shiraki. Further studies 
are needed to understand the relationship between electromagnetic waves mechanism on termites 
mortality and other features of electromagnetic waves irradiation. 
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